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METHOD FOR MANUFACTURING HOLLOW FIBER MEMBRANE 

PROBLEM TO BE SOLVED: To provide a method for manufacturing a hollow fiber 
membrane reducing the fluctuation of performance not only in a fiber bundle but also 
between fiber bundles in drying a plurality of fiber bundles and irradiating wet membranes 
bundled into a fiber bundle state with microwaves. 

SOLUTION: In the method for manufacturing the hollow fiber membrane, the angle of 
radiation of microwaves emitted from a wave guide pipe is set to 30-1 20'' and the 
distance from the wave guide pipe to the wet membranes is 50-500 mm in drying a 
plurality of the fiber bundles and in irradiating the wet membranes bundled into the fiber 
bundle state with microwaves. 
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3%j.:iiTTi,-i>. r/L T's^oaiia^^Jo. 3%^mj^ 
i>zt iti^P^tz^m^Tfir 5 y Sr:^# < ^ri. h 

[0040] tfc. ^7i<.(^myi<M.t>^ 1 0 m L ..-^ ( ■ 
h r • mmHg ) JilJ^cO)lt2A>V>T{4. :^>J f:i/Ltra 
K>-<0®3fi^ (A (%) ) b0 2-S.7x3'y-u7'0y 
cr)7\)T=7>-7. (B {mL/-5^) ) tCiiTISOJt 

(5) tc*-r-ixis8icft<}=&ffiwraffi*>':??^t-r?.. ?";t 

■^m-fimx'i±m^mizmm'^mxh o , ^ur^yx 
^m^izmm-rt z t mmx% i, , 

99 (5) 
'JmX'^yt . 

[0041] t.fz. ^%^(7)mm.-nmizi: ^i'^hixtzw, 
{4. mmw^i^mkJLmxmmixtc^^zbfi^^.. m 

m,<m^^mc)mtmi o . o 4 mtc-h . 

Itffl^e* 1 5 0mLSrB3(:ig^:6-<7)^!ffB/f7.7.§^ 
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7 0 ± 5 '-CT- 1 mmm L . {^mt^m^tw d mv^tz {m. 

{±220-350 ninX'-<7)Sc±m.mi&^i^-tilk-S:iZX 

o~4 5fia%TS>^. ffiiiDjiiijgit-^csig^H^ 

t'D'j b-y (y.T^(w rpvpj ) 
ZZX\ Ci :a#ll^^i8K (%) 

C', : -(:t^E'¥-mm {%) 

M, : PVP<7>^03gL^"/ bO^JJ-^M (111) 

? * ( 4 4 2 ) 
[0044] 

1 o^m-jiX4m=t~j^~.>i'^:im:L. m.=t->'^-Mz 

'^^'ty >-»t M!ilf«¥llll*ri^3[l .0cm 'l^SCT 1 5 

mzfp^^.m^.^5mmmmmmizmmi, o. 5?i,^° 
m^mmffn^ hUh>'X-ioo) ^^tr*ajfs?j< 

tL I. ?Litii*SP« ( iy.T . r L D H J 1 1, i d ) ^ ^ 

^ •:/ 1- {^-[) yii- ■ -r>v w jU ■ \hz.m^m 
m I ti , t.'t6 , Ri'tilft.^. >: t T P V P #W L.4'«' « 

( rUHisr-fFi^j^Mf^!! 1 c^m^^^mmm i. 500 

P pm^SJgigiH- h 'J AiC 2 BlSliSait^c^, x 

[0045] ( illK i'> '^^ «®« J. ) iag^^i')j(lUK .-^^ > 

y t^' , H^^kFjS^^^ 2 4 0 -Jj-ic L/>:i:i?f-li 
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.„ Mi^^ffii^)? V p^n^y^i-fg-r b mnmmfm 

atjEvI O-^Vi, -^-^iri)-^^. Mi^JJllM^tt^n^J:^- 

s . mzmp^mmt^) p v Pvsig*j«-m. p v p o 
mm<^) p V p commit . 30—40 %5^KfflT'?> . 

tt<{i3 3--4 0%T-^>'&,... 
[0043] Urt^HOP V PaiJg{±. X .y i^x^Tti 
h A- ( X- r a y P h o t o e 1 e c t r o 
n spectroscopy. tJlTX P S ) tc: J; -:>"t 
g^^$f(.?>,. f^';b*^. M[^a®t7)XPS<7;)i!|^(±, U 

■laj^L. mcmmmizKc^^X'j^zmLmftzi^. mn 

^O^-^TiH^-r-l.. -r^rio-fe. CIS. O 1 s . N 1 

s . s 2 p h7K?offi«^3{)^^^ . m.mnmc'.mtt 
mmmwL^m^^xmmffmmmm mmm^mm.) t ^ 
^^cmmwrn (^^i-^m^mM) ii-^^^^ibtzm&i<>^ 

0 i OT-ib 0 , sff U X?1^7^ > i^rff ij ( 2 ) 5i:<7)fl| 

mX'h hh^ lliS ( 6 ) ^{w J; 15 fj^T-at*^ hZt IfiX 

00/ (CiMi+C^M;) (6) 

mMliZmmL. l. 0So^^'J;L'ffi!:M-'»;'^a.'5:#tf:± 
I. ^ i; C J: ^WmMMfz 0 c^.^XA'^^iJjtii: LTJS 

V P #-^:gr L =5rt ( r Mfi3MB!)c?:>^SfeM 1 <?)li^^ 

ia^MK 1 , 5 0 0 p p moy^i&mW.i' h U '^i.tC 2 
a(a^S^«Lf^^*. x.-^ ./-MziBW^mnirhzUzX 

[0046] 

• immii {mm.xmmwMm) 

(Amoco Engineering Poly m e 
r sth^p -1 7 0 0) IS. OfiAVo. t:'-;i.-t° 
a 'J K>' ( B A S F^tl^ K 9 0 . 1 , 

2 0 0. 0 00) 4. 3**9o2r, N. N->'.X^;l,T 
•t hr 5 F 7 7 . 7fct%(cji» L ti^-tr^g^Sh L 

x;L<troU K>'«7);gfqit^{i2 3 . 9 Jl*%TJ) -:./>,.. 

oMMM?!*: 6 0 ry.zi^-h. n . n - v . a ^/l r-t h 

T 5 F< 3 0 mM.% t -Tfc 7 0 fii^o <? h ^--5. 1*1 
^^gi: i: t, {2, iKP ( 2aim./ X/l 0 . 1 mm - 
0. 2mm-0. 3mm) *>^D±a}$-(i-, 0. 96m<?;) 
XT^> 7 TsriijiS-ttT 7 5t::£7;)7jc//wi,i-.?,^?.g/s. 
■iSMLfz... Z.cm, mnii-i--Mmk'ist.X'k?]mW)mX' 

m^. ■mo>Mz7m^i-^A.fzmMij.7.^m. i ^i^h . 

IS«?>4'i?JiiJgl:54. 5%. i&«$r5 l-CtC3> ho- 
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(cM-f-|>j:r^> >vr<73j:t^(i, 0.0 1 2m,'' (m/ 

[0047] ( ^mm.<^.mmRv^ p v p co^jwfbM ) 
±M(^mmm^'^(D^M (#.7^^**i3 o o%. ^^ij 

on// 0 % ) 9 0 9 0'CI,z^J^^ Lfz-?-< 9 ojg 
Ttc^ i> J: (cfeftT'El^ L fz ., $ A, C . MSt^PF^T'-e 

( mmm ) t x-owm 2 s o ± 5 mm . -r-f a^^m* 

3 0kW (drn^-y T'l 3 iMSv ^ ^ a«fe8Slt L 

J?Igl50j^<7.)^7K^*i4S%) 4/::BlSt^F*ilT 
Si'l-aS \>Z&.Wt^^-^<7y^mi 5 4 % ( *:^4"C-gBcO 

%) T-fc-jyt . §I t:^v->TT -f ^'n}lSoaitto;^$-2 1 

io^^i,mimmm^zti\^x^mwi'^x'o . 4m.--ii.>o® 
Wim^^fttz. ■^hiz^ ^{^tu-Mmm i^m) iz 

2. 5 M 1- a d O rmi:mi-rh ZtiZj:'0 m^<^) P V 
Po-si5^^ig^l:LJt,, 

[0048] ( fitEfptfism ) i c:m<7.mm^mi i tc^ 
■t. ^mimm^n^'mizimt^^-mtmi^f^M 

^l-aitcfiS^^^m^ft-m* 1 OHIil^Lyilgmo^F 

— L T /y 2 - 5 n;? a 7"" U >'0?' 'J 
ait/c>:Co. 3 2mL/i}i-T«>^ii:7&5#*»'9. PV 
P03S5i^&3f; ( 5) izm..lX^mitzi^VT^>x 
3 2.5 rn L /-^ t WimXh h Z b fm C-^ *^ > 4' -> ., 
$ 1?,^ h':5^ S > B 1 20^3!S! 

il-rix 1 8 5 m L ''i^, 8 3 %T1h-^tz, t.fz. t'rJ' S 
> B 1 2lCOI,i-r{4|lI«CC9 5mL, % , ASXX'hr, 

fz.: mmii. 

[0040] tmm^if^'n-^-^... tfz. m^(^)±p 

vpfiob 2%-3'/, yiiizT^mx-.h'>tz.: Mi^miii'mmm. 



-57t, i/::, mnMm'i'tm^-^x^-^^viztt^hmtiim 

wmii^i,zm¥im.mi\i,±^ttixmij^'^rz,: s^^c, ^ 

*tBlfli4 3 . 4Un i t . 'ni2 ) . 

2 . 5 m g g ) ,. y,±(C^ftTctttg*^ . ^ iOBeti , 

S. ><r)m&^ifi'y^£< /S 2 - S ^' n^^uriJ y<r)9 U T 
7 >' X t ^ t A,il15f -ttflgtc S|ii^>mT'J> 

^vTiJ'^'Srv^w !:*-4>1S1|0{f ''?ot3&^i!'''55rV>v: fc^^Hgii, 

1 izit^x^P-^ViZti^t-jH-t ^-^fz, 
[0049] 

. N , N - ^;L T-b h T 5 t' ^ 7 S S*% i: L 
c^Mmimi±2 2 . 2 «»%T'* „ OMotttl^.^ 

/S 2 - S n ^ n 7' ' ; >'0 'J T 7 > X t ffiit.?, - h 
■rf^^HixfzZtt-i^mm^'iZ iMixfc^T'J>|. Ci i: 

^-:>7t. tfz, mMW'^^'tmzikm-i^^-^tmw 
p^w^mz^m-^4k^tammMi:,]tmmB'^i \ \,z 

[0 0 5 0] 

[nsfefjaj 3 ] mmmm^c^Tf^o \z-iV'\:u u k a . 

n U K >'£7)iim^t4 2 6.7 mm%X'$y -> fz. Z<7M 

x:kyk< . M.m^y''^91i'^m^m<r)H^'^'Jf^j:\>^zb 

t>^M^-:>ti^b-^-:>tz,. ttz^ T/L-7" 5 >'0^^/&i'ii'-^ 
< . 2-5 j? □ jJ-'o^'U >'0.^ 0 Tyyxlzt^. 

tLh z t ij^^^tifz z t tf^i'^mtmmiz i:>mifzmx 

h^Zbti^^ii^-ytz., ^h\,z. ^-MO^'t-^^b^m^lz 

icit'vT^^tH ^Zbti>h>'&!^Mi-o'Otifi'>-^j:\.^Z b¥ 
mhi}-b^j:'^tzj^fz, HlStrF*F4"i:^3Bt;fi:S1-'S.^m 

b mmw n m.^vmz&m.-t h^mb i mm s 
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[00 5 1] 

imt&m4 ] l*l^S«t2N . N - >'M^/I T-^ 1> T S H 5 

- 5 7 a -^'n r > ; >ffi 9 0ry > X tc t, Six |> C t 

i'm^zim-ti^mtc^mmmtimms'- 1 1 t^jt^ 

[00 52] 

fit z t^^wm-^tctzz ki3-ii,mimmizi,mfzmx' 

hh:Lt ti'^m-^'^ tz.-^ h ^z . ^^c7>4j.t:vgp y ^mmi-z 

-11 \,ziic^<x&-^£V^:iht^nhi}^tt£'-^ti^ 
[00 533 

5m\<zL tzmvumMm 1 1 mm:^^ i:-^->tz., z o 
mcmmims^z^-t. z(^Mi±. m^^comtamtm 

ttm^-b't^j:->fz.. tfz^ Tiir^ya)m3mi}^-:i'^^j: 
< - K-o /3 2 - 5 7 n 7" 'J >C) ij r ^ > x i> ^ 

- 1 1 \^zit^<X'y'^£^^:Ltimhti't'^j:->fz.. 
[00 54] 

B 0 ± 5 mmtC t/cl^U^hii^Sfe^ll 1 t is|'^^^^^^^T'> 

fi-^^- \^^Zt //HS jL" t ^ '.> . i z^:: - 7* ivy" $ 
mi/'Mt'K . &r.>B 2-^9 'a9'u^\} >&)9 \)Ty> 



ixfzmTh h Z i: *^*-//^-:> fz . $ h iz . ^-mai^'L^^^ t 

v^ztMhf^tt£-,tz. ±fz. mw\>^^'{j'mz\tLm. 
■th^hmM'^nmvmz{m'i'hik-^tff>^m:h 

itiSpajS- 1 1 i,z^^X:^-^j:\>-^Zhti^ni^-h-t^j:-'>tz. 
[00 5 5] 

4 S 0 ± 5 mml.zLtz\:JMim^m 1 1 131:^^-^* f^^itr 
-ifz. Z<nWrmm^^A\,Z7T^ . Z(r>mi, 

m^m.t/m>t>X'y^j:< . mL9 y n9'^^AAM(^)nm 

■b^'J'-t;:V^Zti)^W'ji}'t^j:-^fz. tfz. TJl-nyc^M 
7&m^^'J'^'&< s 2-^9x39'r3yiJ y<7)9 OTy 

mtif^zm^xh^zt-A'^^^-^tz. S'^c. ^hm(^.)4"i:^^ 

HtJt^MS-l. 1 izit^<X'Mj:^^Ztii^Ehii-^tKi:'^ ■ 
tz, 

[0056] 

[Jt^ji ] ^mm^m^)^y^ (^Tfc^^o o o%. 
^M-m(^M<r)-^^mti^3 0 0%. ^f^muc'^mc) 
-&7jc**''3 0 0%, ^■m(7.)t^'C-^t9mmzm-f&meo 
i^Tkmcomt)^ 0%) 9 o:^i:mmm itmt mMirmx 

Ji^i ( JRM 1 0 m/T> ) LX^T^mt)^ 1 %Mmc^.>^M 

t:Wzmmmtmi tmm^mi¥^'€->fz. zcmm: 

Sr^ 5 fc^-t . iSLtf P V P is ^ ^X 

[00 57] 

mi¥^ff'> fz. Z<rmM:t:mi6iz^i-. PVPc7)?gai<?:) 

fzibmimmtcom^mi)^ o. oA^mt^zt^m^-. 

i}^b^j:->tz,. 14f^«i, mm^n^'L^mz^Wrfhih 
'^.<?M'mW>o>^ t 'iltc -o fz 
[0058] 

i}mM3> ] mmm^<^y^\) t-i^/i-en k> * 5 . 

Oa4.?o. N, N->-.X^;lT-t hT£ F^77. Ofi 
T . ^ait . Mrt^mP V PiiJK^/tMiP L t V ^ 
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[ 0 0 5 9] 

limm4. ] mmS¥M^c7.)'!i^V tii/i fcrn U K > ^ 3 . 

n H >(7.)iftfaJt^{± 2 0 . 0 mmXTh '.'tz , Z crM 
<^Mm^m6l,Z^-t.. Bil*iaBi<73PVPl://3 0%^T 

[0060] 

[ iUm 5 ] \^Umz N , N - ^ ^/l T-fe 1- T 5 1' 6 
6(w5^i-. C:i^>M{i. T/1'-7"S >-<73jS3®^*'0. 3%^ 

[006 1] 

[ ifclltf^J 6 ] l^lSPimN , N-'J^ i-H T-k h T 5 K 1 
blz^-f , *^7j«7)iS7li*:i>' 1 OrriL, ( rri' ■ h r • iri 

^c^mziiim-^ ^(^fmrniTi^^^ntc tz . 

[ O O 6 2 ] 

um.mi\ mmBLm: 1 7 ortct^-tiwi. ^ssfifj 

Z(^>mi. M4><7):^TiOPVP3&i*t:f:^T-?>-:.;t. CI 



Si«5 0 0inL/^ (M?h«®iPi|) i7Jf*ffTT-B*.y'JrK 
H^cTjtt^imjlf^ijt^c^^ei' ^{Sfl^MMJFfilii L/i i: ;! . 

[ O O 6 3 ] 

^M)^ wmwnm\-mz^m-fh \^>mm^ 
0 . \^x^nmz\it:>-^%ifi-hh z bfm^^ 

[0064] 

^sr 1 3 ost L/cJii$'H±M&f!i 1 bmm^xm^t:n-> 

fz. >l«0||Ott|g*r«7(c^t- o B?Jtrf^4"i:^gi5{cClS 

tti-^tz. 
[00653 

Sr 3 O ± 5 m in t L/^imfi^M 1 h i3|«:5r^if^^4f 

tz. 

[0066] 

[itss(5iji 1] mmm^i-oc^x^mm (-im.) ^Tcr)mi. 
*■ 5 2 0 ± 5 mmt- Ltzwummm 1 ii^^a^^^ 

[0067] 

[an 
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%t&#J 2 



fcaiiiiM gaga gjg^^ria Enrai wmrm Eggao^^ra 





190 


191 


192 


190 


200 




202 


200 




280 




fiSl 


2ai 


290 


^3 


290 


293 




20 


sso 


18 


19 


18 


18 


16 


16 


3!&jSi<£ <%) 


0.O1 


X>.01 


0.D1 


0.01 


0.01 


0.01 


0.01 


0.01 


FVP <D 
^jft^ <%) 


4 


4 


4 


4 


4 


4 


4 


4 




36 


35 


35 


35 


30 


ao 


30 


30 
















^9 




IM v^* mr* ifa% "-^ 


0.022 


0.Q22 


0,022 


0.022 


0j02D 


0^020 
















#L 












16.5 


i5.e 


1S.S 


17.5 


17^ 


17^ 


17.5 


<mg/e) 


2.1 




Z.1 


2.1 


0.5 








far-ioioHg)) 


190 


190 


190 


190 


170 


170 


170 


170 








0.S9 


0^s% 




0^4 


0^4 


034 


PVPro 

(%) 


n 


77 


77 


77 


B4 


d4 


S4 


84 



[00 683 



r«23 





195 


18& 


195 


193 


200 


202 


200 


201 




285 


286 


286 




992 


292 


290 


290 




25 


24 


2S 


28 


400 


410 


400 


410 




0.01 


0.01 
KT 


0J)1 


0.01 
«T 


0.01 

iSLT 


0.O1 


0U)1 

£ir 


0.01 

EtT 
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6 


6 


5 


6 


72 


72 


72 


v2 




44 


44 


44 


44 


36 


86 


8C 


ao 




*5 


















0.035 


QJiSS 
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0.033 
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Qi)2S 


0^23 


mm 




mx. 


ML 






mi. 








4.2 


4.2 


4^ 




13.8 


12.8 


13.8 


13JS 




13 




1^ 


1.8 


2.0 


2.0 


2.0 


2.0 




260 


260 


280 


360 


8100 


3100 


3100 


8100 




0.36 


0.85 


0Jk> 


Q.SE 


0^1 




0.61 


0^3 


(%) 


S4 


84 


84 


84 


99 


m 


99 


99 
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[0070] 





m«i6 


^«1I6 
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221 


!2S1 
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18 


IS 


20 


S» 


ao 


20 


18 


18 
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0^1 
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4 
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0^)22 
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2J 
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hr-mmllg)) 
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0^ 
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7V 
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77 


7Y 
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982 


br*xamHK)) 


20 


SO 


24 


22 
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20 


16 


IB 
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0J31 
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4 




8 


4 
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4 
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mmM%> 


36 


«5 


3u 


86 


86 
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OJ)2S2 
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0.0^ 
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Sib 


«b 




«L 


»b 
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16.8 


16.5 


1&5 


16.5 


1S.6 
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16.6 




2.1 


2.1 


2a 


at 
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2.1 


2Jl 
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iff-iiimllB)) 
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190 
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0^ 


0^ 
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20 


mmm (%) 
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35 


as 
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15.6 


15,5 




KM Cmg^s) 
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mv 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. "*"*** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] In the method of drying simultaneously two or more bundles of humid 
films ****(ed) in the shape of a thread by microwave irradiation, this invention relates to the 
manufacturing method of the hollow fiber which cancels dispersion in the performance between 
threads at the same time it cancels dispersion in the performance in a thread. 
[0002] 

[Description of the Prior Art] The art of using the film which has alternative permeability 
progresses splendidly in recent years, and utilization in the field whose separation filter of a gas 
or a fluid, hemodialyzer in a medical field, hemofiltration machine, constituent-of-blood 
preferential segregation filter, etc. are extensive until now is progressing. As a material of this 
film, polymer, such as cellulose types (a regenerated cellulose system, a cellulose acetate system, 
a chemicals modified cellulose system, etc.), a polyacrylonitrile system, a 

polymethylmethacrylate system, a polysulfone system, a polyethylene vinyl alcohol system, and 
a polyamide system, has been used. Among these, since haemocompatibility of polysulfone 
system polymer improves by in addition to the thermal stability, acid-proof, and alkali resistance 
adding a hydrophilization agent to a film production undiluted solution, and producing a film to 
it, it was observed as a semipermeable membrane raw material, and research has been advanced. 
[0003] On the other hand, in order to paste up a film and to produce a module, it is necessary to 
dry a film but, and if the porous membrane which consists of organic high polymers, the 
permeable membrane which consists of hydrophobic polymers, such as a polysulfone system, 
especially, and ultrafiltration membrane are dried after film production, it is known that the 
amount of water penetration will fall remarkably compared with desiccation before. Therefore, 
the film always needed to be dealt with in the damp or wet condition and the state where water 
was made to immerse. 

[0004] The method conventionally taken as this measure was filling low volatility organicity 
fluids, such as glycerin, in the hole portion in porous membrane after film production and before 
desiccation. However, since hyperviscosity generally, a low volatility organicity fluid requires 
time for washing removal. Although module molding of the film was carried out and after 
washing was little, there was a problem in the effluent of low volatility organicity fluid origin 
(various derivatives which carried out the chemical reaction to the low volatility organicity fluid, 
and were generated), etc. being seen in module mounting fluid. 

[0005] Although the method of using the mineral salt of a calcium chloride etc. instead of a low 
volatility organicity fluid is shown in JP,6-277470,A as a method of drying without using a low 
volatility organicity fluid, there is no change in the necessity of carrying out washing removal. 
Though it is little, it is apprehensive about the adverse effect which the mineral salt which 
remained has on a dialysis patient. 
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[0006] The manufacturing method of the hollow fiber which irradiates with microwave is shown 
in JP,1 1-332980, A as a membranous drying method, performing moist heat treatment by a steam 
to a hollow fiber. However, since steam treatment is carried out in order to prevent modification 
of a film, though it is desiccation, there is a fault which lengthens drying time, and further, since 
it is the desiccation after making low volatility organicity fluids, such as glycerin, adhere, the 
purpose of reducing the effluent from a film is not attained. 

[0007] The hydrophilization film containing the polyvinyl pyrrolidone which carried out the 
drying process to JP,8-52331,A and JP,8-9668,B without using a low volatility organicity fluid is 
indicated. Although the performance which separates a plasma constituent from blood is 

indicated in these, since plasma protein penetrates, it turns out that it is not effective as 
permeable membrane. Since the polyvinyl pyrrolidone is dried at the temperature decomposed 
and denatured, in the purpose of reducing the effluent from a film, it is a process which is not 
very preferred. 

[0008]The hollow fiber which made abundance of the polyvinyl pyrrolidone in the film internal 
surface in which blood carries out direct contact about 20 to 50% is indicated by JP,6-296686,A. 
This shows the humid film for mainly lessening affixes, such as blood protein and blood 
platelets. Therefore, since blood protein does not adhere easily, it is shown that aging of filtrate 
speed does not happen easily, but there is no statement about dialysis performance, like the 
permeability of albumin is low. 

[0009]this invention person proposed and did patent application of the method of drying the 
humid film which has specific performance, without impregnating low volatility organicity 
fluids, such as glycerin, and manufacturing a highly efficient blood purification film (application 
for patent No. 22246 [ 2001 to ]). However, when the shape of a thread was used and it dried as a 
result of a subsequent examination, it became clear by the central part of a thread, and the film of 
the peripheral part that some performance difference arises. Then, this invention person proposed 
and did patent application of the method of manufacturing the blood purification film which has 
improved the performance difference in a thread (the application for patent No. 309673 [ 2001 to 
], the application for patent No. 309674 [ 2001 to ], the application for patent No. 309675 [ 2001 
to ]). However, when two or more threads were simultaneously dried as a result of the further 
examination of this invention persons' after that, it turned out that the problem that some 
performance difference arises between threads occurs also by these methods. 
[0010] 

[Problem(s) to be Solved by the Invention] In the method of drying simultaneously two or more 
humid films ****(ed) in the shape of a thread by microwave irradiation, there is a technical 
problem of this invention in providing the manufacturing method of the hollow fiber which also 
cancels dispersion in the performance between threads at the same time it cancels dispersion in 
the performance in a thread. 
[0011] 

[Means for Solving the Problem] There was no dry membrane for blood purification which has 

the dialysis performance dried without using a pit hold-back agent leading to an effluent from a 
module like the above to this invention person's etc. application invention (application for patent 
No. 22246 [ 2001 to ]). When the cause was dried without using a pit hold-back agent, a damp or 
wet condition was becoming a completely different film of low performance. Then, this 
invention persons produce beforehand a humid film which is a diameter of an osculum in the 
amount of high water penetration rather than target performance by said application. As a result 
of advancing research wholeheartedly based on the unprecedented way of thinking that nobody 
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of manufacturing a film which dries and shrinks this and has target dialysis performance thought 
of, a method of obtaining a film which has the dialysis performance excellent in permselectivity 
with little adhesion of blood protein and blood platelets which has very few effluents was 
provided. However, after that, when research was advanced further, this invention persons 
discovered that the amount of water penetration and permeation performance showed dispersion 
by the central part of a thread, and a film of a peripheral part, when manufacturing a blood 
purification film by a method of the application for patent No. 22246 [ 2001 to ], and a humid 
film was made into the shape of a thread and it dried. Then, in order to lose dispersion, as a result 
of inquiring wholeheartedly, with devising a drying process, it found out that dispersion was 
stopped and patent application was newly carried out (the application for patent No. 309673 [ 
2001 to ], the application for patent No. 309674 [ 2001 to ], the application for patent No. 
309675 [ 2001 to ]). However, as a result of scaling up a microwave applicator in order to dry 
simultaneously two or more humid films ****(ed) in the shape of a thread above a certain 
specific quantity (50 bundles) when manufacturing a blood purification film according to these 
application inventions, it newly discovered that the amount of water penetration and permeation 
performance showed dispersion between threads. Then, in order to lose dispersion, as a result of 
inquiring wholeheartedly, with devising a drying process further, it finds out that dispersion is 
stopped and results in this invention. 

[00 12] Namely, this invention is a manufacturing method of a hollow fiber which carries out 
microwave irradiation of the humid film ****(ed) in the shape of (1) thread, and is dried 
simultaneously two or more bundles. The degree of radiation angle of microwave irradiated from 
a waveguide is 30 to 120 degrees. And a manufacturing method of a hollow fiber, wherein 
distance from a waveguide to a humid film is 50-500 mm, (2) It is a manufacturing method of a 
hollow filament-like blood purification film which carries out microwave irradiation of the 
humid film which does not contain a pit hold-back agent ****(ed) in the shape of a thread, and is 
dried simultaneously two or more bundles. The degree of radiation angle of microwave irradiated 
from a waveguide is 30 to 120 degrees. And a manufacturing method of a hollow filament-like 
blood purification film, wherein distance from a waveguide to a humid film is 50-500 mm, (3) It 
is a manufacturing method of a hollow filament- like blood purification film which stoving of the 
humid film which does not contain a pit hold-back agent ****(ed) in the shape of a thread is 
carried out at not less than 40 the temperature of 120 or less, and carries out microwave 
irradiation and is dried simultaneously two or more bundles. The degree of radiation angle of 
microwave irradiated from a waveguide is 30 to 120 degrees. And a manufacturing method of a 
hollow filament-like blood purification film, wherein distance from a waveguide to a humid film 
is 50-500 mm, a manufacturing method given in either of (4)(1) using two or more waveguides - 
(3), (5) A manufacturing method given in either of (1) - (4) ventilating a dehumidification gas in 
a thread, (6) desiccation — a start — the time ~ a thread ~ the central part — a peripheral part — it 
can set — a film ~ water content ~ a difference — ten ~ % — less than — it is ~ things -- the 
feature ~ carrying out — (~ one ~) - (— five — ) ~ either ~ a statement — a manufacturing 
method. (7) A manufacturing method given in either of (1) - (6) reducing an irradiation output of 
microwave when average water content of a thread after a dry start will be 20 to 70%, (8) 
desiccation -- a start — the back — a thread — an average — water content -- 20 - 70 — % — 
becoming — a time — this ~ a thread ~ the central part ~ a peripheral part ~ it can set ~ a film — 
water content ~ a difference — five — % — less than ~ it is — things ~ the feature — carrying out - 
- (— one ~) - (— seven — ) ~ either ~ a statement — a manufacturing method. (9) A manufacturing 
method given in either of (1) - (8), wherein a film consists of polysulfone system polymer and a 
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polyvinyl pyrrolidone, A film production undiluted solution (10) Polysulfone system polymer, a 
polyvinyl pyrrolidone, And a manufacturing method given in either of (1) - (9) which consists of 
solvents and is characterized by a ratio of a polyvinyl pyrrolidone to polysulfone system polymer 
being 18 to 27 % of the weight, And it is related with either of (1) - (10) insolubilizing a part of 
polyvinyl pyrrolidone in a film in water further after (11) desiccation, without a manufacturing 
method of a statement. 

[0013]In this invention, the degree of radiation angle of microwave with which it irradiates by 
distance from 30 to 120 degrees and a waveguide to a humid film being 50-500 mm. When two 
or more bundles dry simultaneously, not only dispersion in performance in a thread but 
dispersion of performance between threads can be improved, and productive efficiency can also 
be raised. 
[0014] 

[Embodiment of the Invention] Although this invention is not necessarily restricted to a blood 

purification film, below, the manufacturing method of a hollow filament-like blood purification 
film (it may only be called below a "film" or a "hollow filament-like film") is explained in detail. 
The manufacturing method of the hollow filament-like blood purification film of this invention 
manufactures the humid film of the big aperture beforehand in the amount of high water 
penetration, and has the feature to make it dry without impregnating with a pit hold-back agent 
after desolventization. 

[00 15] Usually, it is classified into the inorganic substance with which the pit hold-back agent 
used when manufacturing a hollow filament-like blood purification film is anxious about the 
toxicity to the organic matter and human body which have viscosity. Since the pit hold-back 
agent which consists of an organic matter which has viscosity has high viscosity and it is difficult 
to carry out washing removal thoroughly, it can change with the cause which remains in a film, 
makes the elution volume from a film increase, carries out a chemical reaction to the pit hold- 
back agent which remained further, and produces deleterious material. On the other hand, also in 
the pit hold-back agent which consists of inorganic substances, since it remains in a minute 
amount, it is apprehensive about the adverse effect which it has on a dialysis patient. 
[00 16] The pit hold-back agent as used in the field of this invention is a substance filled in the 
hole portion in a film by the manufacturing process before drying in order to prevent the 
degradation at the time of desiccation. It is possible to fill this hold-back agent in the hole portion 
in a film by immersing a humid film in the solution having contained the pit hold-back agent. If 
even washing and removal carry out a pit hold-back agent even for after desiccation, it is 
possible to hold performances, such as the amount of water penetration equivalent to a humid 
film and rejection, by the effect of a pit hold-back agent. 

[0017] As a pit hold-back agent, ethylene glycol, propylene glycol, A trimethylene glycol, a 1,2- 
butylene glycol, a 1,3-butylene glycol, 2-butine 1,4-diol, 2-methyl-2,4-pentadiol, 2-ethyl-l,3- 
hexandiol, glycerin, tetraethylene glycol, Organic compounds, such as a glycol system of the 
polyethylene glycol 200, the polyethylene glycol 300, and polyethylene-glycol 400 grade or a 
glycerol system compound, and a sucrose fatty acid ester. And the mineral salt of a calcium 
chloride, sodium carbonate, sodium acetate, magnesium sulfate, sodium sulfate, zinc chloride, 
etc. can be mentioned. 

[0018]In this invention, with the humid film of a big aperture, in the amount of high water 
penetration. The amounts of water penetration are lOOmL / (m^ and hr-mmHg) above, and the 
humid film in which the transmissivity of the polyvinyl pyrrolidone of the weight average 
molecular weight 40,000 exceeds 75%, and the transmissivity of the albumin in a cow plasma 
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system has the performance which is 0.3% or more is meant. 

[0019]The transmissivity of cow plasma albumin can be measured by the following methods. 
First, 100 hollow filament-like films 20 cm in length are bundled, and a small module is 
produced. The heparinize cow plasma (heparin 5000 lU/I, protein concentration of 6.0g / dL 
(deciliter)) warmed to this module at 37 is passed with the linear velocity of 1.0 cm/second to 
the film internal-surface side, and an ultrafiltration is performed for 30 minutes in mean-pressure 
50mmHg of modular entering pressure and appearance pressure. It computes transmissivity by 
measuring measurement of the concentration of the obtained filtrate and former liquid on the 
wavelength of 280 nm with an ultraviolet spectroscopy photometer, and substituting it for the 
following formula (1). 

Transmissivity (%) (1) =(absorbance of filtrate) xlOO/(absorbance of former liquid) 
[0020] The transmissivity of a polyvinyl pyrrolidone uses the solution to filter as the phosphoric 
acid buffer (0.15-mol [ // 1. ], pH 7.4) solution of 3% of the weight of a polyvinyl pyrrolidone ( 
K30 by BASF A.G., weight average molecular weight 40,000), It asks by performing the same 
operation as measurement of the transmissivity of cow plasma albumin except having set the 
mean pressure of modular entering pressure and appearance pressure to 200mmHg. 
[0021] The humid film of a big aperture in the amount of high water penetration Poly sulf one 
system polymer (only henceforth "polymer"). After making a polyvinyl pyrrolidone and the film 
production undiluted solution which consists of solvents breathe out from a double annular 
nozzle with internal liquid and passing an air gap, in the manufacturing method solidified by a 
coagulation bath, it can manufacture by using the solution of the solvent of polymer for internal 
liquid. Although intemal liquid makes a membranous centrum and intemal surface form, it turns 
out that the aperture of an internal surface becomes large in proportion to the solvent 
concentration in intemal liquid. In this invention, since the permeable membrane of the 
performance of a target is obtained by carrying out drying shrinkage of the humid film, 
compared with the time of manufacturing the humid film which has target dialysis performance [ 
solvent concentration / in intemal liquid ], it is necessary to make it high concentration. 
[0022]What has a repeating unit shown by the following formula (2) or a formula (3) as 
polysulfone system polymer used by this invention is mentioned. Ar in a formula shows the 
phenyl group of 2 substitution in the para position, and limits for neither a degree of 
polymerization nor a molecular weight in particular. 
-0-Ar-C(CH3) 2-Ar-0-Ar-S02-Ar - (2) 
-0-Ar-S02-Ar - (3) 

[0023]Since the thing of the amount of polymers comes out in small quantities since the 
hydrophilization effect to a film is as high as the thing of the amount of polymers, and sufficient 
effect can demonstrate a polyvinyl pyrrolidone, in this invention, a with a weight average 
molecular weight of 900,000 or more polyvinyl pyrrolidone is used. In order to give the 
hydrophilization effect to a film using the polyvinyl pyrrolidone which has weight average 
molecular weight smaller than 900,000, it is necessary to make a lot of polyvinyl pyrrolidones 
remain in a film but [ for this reason ], and the effluent from a film will increase. In order to 
lower an effluent conversely, when ullage in the inside of the film of the polyvinyl pyrrolidone 
of weight average molecular weight smaller than 900,000 was lessened, the hydrophilization 
effect becomes insufficient and hemodialysis is performed as a result, the temporal fall of 
filtration velocity is caused and sufficient effect cannot be demonstrated. 

[0024]Both the solvents used for the dissolution of polysulfone system polymer and a polyvinyl 
pyrrolidone dissolve both these, and are N-methyl-2-pyrrolidone, N.N-dimethylformamide, N,N- 
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dimethylacetamide, etc. 

[0025] Especially if the polymer concentration in a film production undiluted solution is the 
range of the concentration that the film which could produce the film and was obtained has the 
performance as a film, it will not be restricted, but it is 10 to 30 % of the weight preferably five 
to 35% of the weight. In order to attain high water penetration peifoiinance, the lower one of 
polymer concentration is good and its 10 to 25 % of the weight is preferred. 
[0026] A still more important thing is an addition of a polyvinyl pyrrolidone, and the mixture 
ratio of the polyvinyl pyrrolidone to polymer is 20 to 27 % of the weight still more preferably ten 
to 27% of the weight preferably 27 or less % of the weight. It is difficult to be in the tendency 
whose elution volume increases, when the mixture ratio of the polyvinyl pyrrolidone to polymer 
exceeds 27 % of the weight, and to obtain the film of sponge structure, since the viscosity of a 
film production undiluted solution is low at less than 10 % of the weight. It is also possible to 
add the 4th ingredient, such as water and a poor solvent, in order to control undiluted solution 
viscosity and a solution state, and what is necessary is for combination just to perform the kind 
and an addition at any time. 

[0027]Water is preferred although the fluid which does not dissolve polymer, such as aliphatic 
hydrocarbon, such as alcohols; ether; n-hexane, such as water; methanol and ethanol, and n- 
heptane, for example is used as a coagulation bath. It is also possible to control coagulation 
speed by adding a little the solvent which dissolves polymer in a coagulation bath, the 
temperature of a coagulation bath -0-90 30-90 is 0-80 still more preferably preferably. 
The temperature of a coagulation bath exceeds 90 **, or the surface state of the hollow filament- 
like film in a coagulation bath is not easily stabilized as it is less than -30 **. 
[0028] As for the desiccation after desolventization washing, it is more preferred to carry out 
microwave irradiation at the same time it carries out stoving at not less than 40 ** the 
temperature of 120 or less although carried out by carrying out microwave irradiation of the 
thread which is fully carrying out humidity with the gestalt (it is only henceforth called a 
"thread") of the thread which bundled several hollow filament-like many films. It is possible by 
performing stoving and microwave irradiation simultaneously it not only to to stop dispersion in 
the performance in a thread, but for a microwave irradiation independent twist to shorten drying 
time. 

[0029] In order to abolish the difference of the drying rate of the central part of a thread, and a 
peripheral part, it is preferred to ventilate a with a temperature [ below 40 ] dehumidification 
gas. Ventilating in a thread means passing a wind between hollow filament-like films. 
Ventilating a with a not less than 40 [ temperature 120 ** or less ] dehumidification gas in a 
thread as used in this invention means performing stoving to a thread at the same time it 
ventilates in a thread. 

[0030] As for microwave irradiation, since it is suitable for drying the thread of low water content 
to homogeneity more, in order to prevent modification and melting of the film by fault heating, 
when the average water content of a thread will be 50 to 70% preferably 20 to 70%, it is 
preferred to reduce the output of microwave irradiation. 

[0031] It is desirable in order that it may stop dispersion in performance that the difference of the 
water content of the film in the central part and the peripheral part of this thread in the time of 
the average water content of a thread being 50 to 70% preferably 20 to 70% is less than 5%. It is 
possible at the time of desiccation to make the difference of the water content of the film in the 
central part and the peripheral part of this thread in the time of the average water content of a 
thread being 50 to 70% preferably 20 to 70% less than 5% by ventilating in a thread. Here, the 
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central part of a thread means one sixth of the ranges of a diameter from the central point in the 
circle configuration section of a thread. The peripheral part of a thread means one sixth of the 
ranges of a diameter from a periphery in the circle configuration section of a thread. 
[0032] Since it is the same, it is preferred also about the thread at the time of a dry start that the 
difference of the water content of the film in the central part and the peripheral part of a thread is 
less than 10%. Since a difference will arise in the water content of the central part of a thread, 
and a peripheral part if the after-desolventization thread is neglected, it is possible by immersing 
a thread underwater again, just before going into a drying process to make the difference of the 
water content of the thread central part and a peripheral part less than 10%. Here, water content 
means what is calculated by calculation by (4) types from the weight (A (g)) of the thread (or 
film) before desiccation, and the weight (B (g)) of a dry thread (or film). 
Water content (%) =(A-B)xlOO/B (4) 

[0033]In this invention, two or more bundles of microwave irradiation to a thread is 
simultaneously performed in the sealed irradiation reactor. In order to stop dispersion in the 
performance between threads, the irradiation angles of microwave and the distance from a 
waveguide to a humid film (thread) which are irradiated from a waveguide are very important. 
The waveguide as used in this invention means the irradiation source of microwave. As for a 
waveguide, it is preferred to use more than one in proportion to the number of threads. 
[0034] In this invention, as for the degree of radiation angle (radiation half angle), 30 to 120 
degrees is preferred, and its 50 to 110 degrees are more preferred. It is not desirable from the 
thread located inside in an irradiation reactor as the degree of radiation angle is less than 30 
degrees drying early, and dispersion between threads becoming large. If the degree of radiation 
angle exceeds 120 degrees, the microwave reflected with the wall of the irradiation reactor will 
increase, since it is irradiated by the thread located outside in an irradiation reactor, this thread is 
dried early, and similarly, dispersion in the performance between threads becomes large, and is 
not preferred. The degree of radiation angle means here the size of the angle BOC (angle AOB= 
angle AOC) which the point (B and C) that this radiant energy consists of the central point (O) of 
the irradiation surface of a waveguide in a half to the point (A) that radiant energy is the 
strongest, on an equidistant curve (refer to drawing 1) makes. 

[0035] On the microwave irradiation conditions of this invention, the distance from a waveguide 
to a humid film (thread) other than the degree of radiation angle is very important. As a range of 
distance, 50-500 mm is preferred and is 100-400 mm more preferably. When it exceeds 500 mm 
undesirably from only the upper part of a thread getting it dry early that distance is less than 50 
mm, productive efficiency is in a bad tendency. The distance from a waveguide to a humid film 
means the shortest distance from the central point of the irradiation surface of a waveguide to the 
nearest thread here. Although the high thing of the output of microwave is preferred, an optimum 
value changes with quantity of the film to dry. 

[0036]Since a part of PVP in a film can be insolubilized in water by irradiating the film after 
desiccation with radiation, such as an electron beam and a gamma ray, it is possible to reduce the 

elution volume from a film more. Whichever after modularization may be [ the exposure of 
radiation ] sufficient as a modularization front stirrup. If all the PVP in a film is insolubilized, 
while an elution volume can be reduced, it is not desirable from leuco pennia condition being 
observed at the time of dialysis. 

[0037]With PVP insoluble to the water as used in the field of this invention, the amount of PVP 
meltable to water is deducted from the total amount of PVP in a film. The total amount of PVP in 
a film is easily computable by the ultimate analysis of nitrogen and sulfur. The amount of PVP 
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meltable to water can be calculated by the following methods. After dissolving a film thoroughly 
by N-methyl-2-pyrrolidone, water is added to the obtained polymer solution and polysulfone 
system polymer is settled thoroughly. After settling this polymer solution furthermore, PVP 
meltable to water can be quantified by quantifying the amount of PVP in supernatant liquid with 
liquid chromatography. 

[0038]In the way the manufacturing method of this invention dries simultaneously two or more 
bundles of humid films which do not contain the pit hold-back agent ****(ed) in the shape of a 
thread, It is the method of carrying out microwave irradiation of the humid film, and drying, or 
carrying out stoving of the humid film at not less than 40 the temperature of 120 or less, 
and carrying out microwave irradiation and drying, The degree of radiation angle of the 
microwave irradiated from a waveguide is 30 to 120 degrees, And the film which was 
characterized by the distance from a waveguide to a humid film being 50-500 mm, and was 
obtained using this manufacturing method. Are the dry membrane which does not contain a pit 
hold-back agent, and, in the amount of water penetration of pure water, the transmissivity of the 
polyvinyl pyrrolidone of 10-l,000mL/(m^ and hr-mmHg) and the weight average molecular 
weight 40,000 at 75% or less. And the transmissivity of the albumin in a cow plasma system is 
less than 0.3%, and it is a hollow filament-like blood purification film, wherein the variation in 
each performance is still smaller. 

[0039]. Make the beta 2-microglobulin (molecular weight: 11,800) used as the causative agent 
for the improvement of the shape of a dialysis amyloid disease fully penetrate in the latest 
hemodialysis therapy. The film which has the fractionation nature which does not make most 
albumin (molecular weight: 67,000) penetrate is called for, and the transmissivity of albumin [ in 
/ in the film of this invention / a cow plasma system ] is 0.3% or less. Since it means losing 
greatly albumin effective in the inside of the body, it is not preferred as hemodialysis membrane 
that the transmissivity of albumin exceeds 0.3%. 

[0040] The linear correlation which the amount of water penetration of pure water shows in the 
following formula (5) in the transmissivity (A (%)) of a polyvinyl pyrrolidone and the clearance 
(B (a part for mL/)) of beta 2-microglobulin in the film of lOmL / (m^ and hr-mmHg) more than 
exists. Although it is required for clearance evaluation to fabricate and process the module of the 
dialysis specification which has an effective membrane area of 1.5-m^, with this valuation 
method, it is measurable in simple, and it is possible to guess clearance easily. 
B(pait for mL/) =0.636A+29.99 (5) 

Here, the clearance of beta 2-microglobulin carries out dialysis measurement by blood flow rate 
200mL/(film internal-surface side) at the module of the effective membrane area of 1.5-m^ in 
accordance with the quality assessment standard of Japanese Society for Artificial Organs under 
the conditions for dialysate flow rate 500mL/(film outside- surface side). Although various things 
are demanded according to a dialysis patient's physical strength or the percentage of completion 
of condition of disease and condition of disease, the clearance of beta 2-microglobulin, If the 
transmissivity of a polyvinyl pyrrolidone exceeds 75%, since the transmissivity of albumin will 
exceed 0.3%, the transmissivity of a polyvinyl pyrrolidone needs to be 75% or less. 
[0041]Since the pit hold-back agent is not being used for the film made by the manufacturing 
method of this invention by a manufacturing process, the effluent of pit hold-back agent origin 
does not exist. Therefore, the absorbance of the eluting material test liquid of the film of this 
invention is less than 0.04, and does not contain a pit hold-back agent in this test liquid. With 
eluting material test liquid, it adjusts here based on a hemodialysis apparatus approval reference. 
The dry hollow filament-like film 1.5g cut to 2 cm and distilled- water-for-injection 150mL are 
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put into the glassware which suits the alkali dissolution test of the glassware examination for 
injection of the Pharmacopoeia of Japan, and it warms at 70**5 for 1 hour, and after 
removing an after-cooling film, what added distilled water and was set to 150mL is meant. An 
absorbance is measured with an ultraviolet absorption spectrum on the wavelength which shows 
the maximal absorption wavelength in 220-350 nm. Although making an absorbance or less into 
0.1 is defined in the hemodialysis apparatus approval reference, since the film of this invention 
does not hold a pit hold-back agent, it can attain less than 0.04. About the existence of a pit hold- 
back agent, this test liquid is detectable by measuring concentration or the thing which carried 
out water removal by publicly known methods, such as gas chromatography, liquid 
chromatography, differential refractive media, an ultraviolet spectroscopy photometer, infrared 
absorption photometry, nuclear magnetic resonance spectroscopy, and ultimate analysis. It is 
detectable with these measuring methods also about whether a pit hold-back agent is included in 
a film. 

[0042]The film made by the manufacturing method of this invention consists of polysulfone 
system polymer and a polyvinyl pyrrolidone, and the concentration of the polyvinyl pyrrolidone 
in a film intemal surface is 30 to 45 % of the weight. A factor important for membranous 
haemocompatibility is the hydrophilic nature of the film intemal surface which blood touches, 
and the PVP concentration of a film internal surface is important for it by the polysulfone system 
film containing a polyvinyl pyrrolidone (only henceforth "PVP"). When the PVP concentration 
of a film internal surface is too low, a film intemal surface shows hydrophobicity, plasma protein 
tends to adsorb, and the coagulation of blood also takes place easily. That is, it becomes poor [ 
membranous haemocompatibility ]. Conversely, if the PVP concentration of a film intemal 
surface is too high, the elution volume to the blood systems of PVP will increase, and the result 
which is not preferred will be given for the purpose and use of this invention. Therefore, the 
concentration of PVP of the film internal surface in this invention is 30 to 40% of range, and is 
33 to 40% preferably. 

[0043]The PVP concentration of a film intemal surface is determined by the X ray light-quantum 

spectrum (X-ray Photoelectron spectroscopy, henceforth, XPS). That is, after measurement of 

XPS of a film intemal surface arranges a sample in on a double- sided tape, a cutter cuts it open 

in the direction of a fiber axis, and after extending so that the membranous inside may become a 

table, it is measured by the usual method. Namely, from the integrated intensity of an S2p 

spectrum Cls, 01s, and Nls. The concentration for which it asked using the relative sensitivity 

coefficient of device attachment from the surface concentration (nitrogen atom concentration) of 

nitrogen and sulphuric surface concentration (sulfur atom concentration) is said, and when 

polysulfone system polymer is the stmcture of (2) types, it can ask by calculation by (6) types. 

PVP concentration (% of the weight) =CiMixl00/(CiMi+C2M2) (6) 

here — Ciinitrogen atom concentration (%) 

C2: Sulfur atom concentration (%) 

Ml :P Molecular weight (111) of the repetition unit of VP 

molecular weight (442) of the repetition unit of Mirpolysulfone system polymer 

[0044] 

[Example] Although the example of this invention is shown below, this invention is not limited to 
this. 

(Measurement of the amount of platelet adhesion) The following operating procedures 
performed measurement of the amount of platelet adhesion to a film. Bundle ten hollow 
filament-like films 15 cm in length, produce a small module, and this module is made to pass 
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heparinize Homo sapiens fresh blood for 15 minutes with the linear velocity of 1.0 cm/second, 
and the physiological saline was continuously passed for 1 minute. Next, lactate dehydrogenase 
emitted from the blood platelets which shredded the hollow filament-like film to the 5 -mm 
interval grade, carried out ultrasonic irradiation in the physiological saline which contains 
polyethylene-glycol alkylphenyl ether (Wako Pure Chem trade name triton X-100) 0.5%, and 
adhered to the membrane surface (hereafter) "LDH" — saying — it computed as LDH activity of 
per a membrane area (internal-surface conversion) by quantifying. Measurement of enzyme 
activity used the LDH mono- test kit (Boehringer Mannheim and Yamanouchi Co., Ltd. make). 
It compared simultaneously with a specimen using the film (what was obtained by being 
immersed in ethanol for one day after the film of Example 1 before gamma irradiation was 
immersed in sodium hypochlorite with an available chlorine concentration of 1,500 ppm for two 
days) which does not contain PVP as positive control. 

[0045] (Plasma protein amount of adsorption) Except having carried out ultrafiltration time in 
240 minutes, after the plasma protein amount of adsorption to the film performed the same 
operation as the transmissometry of albumin, the physiological saline washed it for 1 minute. 
Next, the hollow filament-like film was shredded to the 5-mm interval grade, and it computed as 
the protein amount of adsorption per film weight by quantifying the plasma protein stirred and 
extracted in the physiological saline which contains lauryl acid sodium 1.0%. Protein 
concentration used BCA protein assay (made in Pierce). It compared simultaneously with a 
specimen using the film (what was obtained by being inunersed in ethanol for one day after the 
film of Example 1 before gamma irradiation was immersed in sodium hypochlorite with an 
available chlorine concentration of 1,500 ppm for two days) which does not contain PVP as 
positive control. 
[0046] 

[Example 1] (Film production and removal of a residual solvent) 18.0 % of the weight of 
polysulfones (product P-1700 made by Amoco Engineering Polymers), It dissolved in 77.7 % of 
the weight of N,N-dimethylacetamide, and 4.3 % of the weight of polyvinyl pyrrolidones ( K90 
by BASF A.G., weight average molecular weight 1,200,000) were used as the uniform solution. 
Here, the mixture ratio of the polyvinyl pyrrolidone to the polysulfone in a film production 
undiluted solution was 23.9 % of the weight. With the internal liquid which keeps this film 
production undiluted solution at 60 and consists of a mixed solution of 30 % of the weight of 
N,N-dimethylacetamide, and 70 % of the weight of water. It was immersed to the coagulation 
bath which makes it breathe out from a spinning port (double annular nozzle 0.1 mm - 0.2 mm - 
0.3 mm), passes a 0.96-m air gap, and consists of 75 ** water. At this time, from a spinning port 
to the coagulation bath was surrounded by the cylindrical pipe, the humidity in a pipe was 
controlled and temperature was controlled at 51 54.5%, passing the nitrogen gas which 
contained the steam in the pipe. Spinning speed was fixed to a part for 80-m/. Here, the ratio of 
the air gap to spinning speed was 0.012m/(a part for m/). The residual solvent in a film was 
removed after cutting the rolled-round thread by washing an 80 ** hot water shower over 2 hours 
from the cutting plane upper part of a thread (30 cm in length, 9400 film numbers). 
[0047] (Desiccation of a humid film and insolubilization process of PVP) The thread after the 
above-mentioned residual solvent removal (water content 300%) The water content of the film of 
the thread central part has arranged each uniformly by regular intervals 300% in the microwave 
irradiation furnace (3 m/second wind speed in an irradiation reactor) at which the difference of 
the water content of a film [ in / in the water content of the film of a thread peripheral part / the 
central part and the peripheral part of 300% and a thread ] carried out temperature setting of the 
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90 bundles to 90 0%. It fixed with the jig so that the cutting plane of a thread might certainly 
become a top or the bottom at this time. Six waveguides were uniformly fixed by regular 
intervals, respectively so that microwave might be uniformly irradiated by each thread in an 
irradiation reactor. Microwave irradiation was carried out for 13 minutes to this thread by the 
degree of radiation angle of 52 degrees of microwave, the distance of 280**5 mm from a 
waveguide to a thread (humid film), and 30 kW (kilowatt) of microwave outputs. The water 
content of the thread located in the central part in an irradiation reactor at this time was 50% (in 
the water content of the film of the thread central part, the water content of the film of 52% and a 
thread peripheral part is 48%). The water content of the thread located in the outermost part in an 
irradiation reactor was 54% (in the water content of the film of the thread central part, the water 
content of the film of 55% and a thread peripheral part is 53%). Water content obtained less than 
1% of dry membrane (thread) by reducing only the output of microwave to 21 kW and carrying 
out microwave irradiation for 5 more minutes succeedingly. Dehumidified air (10% or less of 
humidity) was ventilated from the lower part of each thread from the lower part of a thread to the 
upper part at a 4 m/second wind speed between a dry start time and the time of the end of dry. At 
this time, a 0.4 m/second wind speed was measured by the thread average from the upper part of 
the thread at the time of a dry start. A part of PVP in a film was insolubilized by irradiating the 
obtained dry membrane (thread) with the gamma ray of 2.5Mrad. 

[0048] (Quality assessment result) The performance of this film is shown in Table 1. Performance 
shows the average value of the result of having measured the thread located in the central part in 
an irradiation reactor, and each thread located in the outermost part in an irradiation reactor 10 
times. When this film was used as the module of effective filtration area ^ of 1.5 m and clearance 
of beta 2-microglobulin was surveyed, it turned out that it is a part for 32mL/, and it became 
clear that it is equivalent to a part for clearance 32.5mL/computed by having substituted it for the 
formula (5). When this module performed transit measurement of urea and vitamin B12, the 
clearance and transmissivity of urea were part 83% for 185mL/, respectively. About vitamin 
B12, it was part 48% for 95mL/similarly. Measurement, [0040]It carried out in the similar way. 
It was insoluble to water in 62% of the total amount of PVP in a film. As a result of doing a 
membranous eluting material test, the absorbance of eluting material test liquid was 0.04 or less. 
Since the pit hold-back agent was not used, the pit hold-back agent was contained in eluting 
material test liquid, and was not in it. This film became the amount of platelet adhesion is low 
(positive control film 43.4 Unit/m ), and clear [ the low thing of the amount of plasma protein of 
adhesion ] compared with the positive control film (positive control film 62.5 mg/g). This film 
became clear [ that there is / which has very few elution volumes from a film / little adhesion of 
blood protein and blood platelets ] from the above quoted performance. Since the transmissivity 
of albumin was excellent also in the clearance of beta 2-microglobulin few, it turned out that it is 
the film excellent also in dialysis performance. Since there were few differences of the 
performance of the film in the central part and the peripheral part of a thread compared with an 
old drying method (comparative example 1), dispersion in performance became clear [ few 
things ] . The performance difference of the thread located in the central part in an irradiation 
reactor and the thread located in the outermost part in an irradiation reactor also became clear [ 
few things ] compared with the comparative examples 8-11. 
[0049] 

[Example 2] The same operation as Example 1 was performed except having carried out the 
polyvinyl pyrrolidone in a film production undiluted solution, and having made N,N- 
dimethylacetamide into 78 % of the weight 4% of the weight. The mixture ratio of the polyvinyl 



11 



pyrrolidone to the polysulfone in the film production undiluted solution at this time was 22.2 % 
of the weight. The performance of this film is shown in Table 1 . This film became clear [ that 
there is / which has very few elution volumes from a film / little adhesion of blood protein and 
blood platelets ]. There was little transmissivity of albumin, and since excelling also in the 
clearance of beta 2-microglobulin was suggested, it turned out that it is the film excellent also in 
dialysis performance. Since there were few differences of the performance of the film in the 
central part and the peripheral part of a thread compared with an old drying method (comparative 
example 1), dispersion in performance became clear [ few things ]. The performance difference 
of the thread located in the central part in an irradiation reactor and the thread located in the 
outermost part in an irradiation reactor also became clear [ few things ] compared with the 
comparative examples 8-11. 
[0050] 

[Example 3] The same operation as Example 1 was performed except having carried out the 
polyvinyl pyrrolidone in a film production undiluted solution, and having made N,N- 
dimethylacetamide into 77.2 % of the weight 4.8% of the weight. The mixture ratio of the 
polyvinyl pyrrolidone to the polysulfone in the film production undiluted solution at this time 
was 26.7 % of the weight. The performance of this film is shown in Table 2. This film became 
clear [ that there is / which has very few elution volumes from a film / little adhesion of blood 
protein and blood platelets ]. There was little transmissivity of albumin, and since excelling also 
in the clearance of beta 2-microglobulin was suggested, it tumed out that it is the film excellent 
also in dialysis performance. Since there were few differences of the performance of the film in 
the central part and the peripheral part of a thread compared with an old drying method 
(comparative example 1), dispersion in performance became clear [ few things ]. The 
performance difference of the thread located in the central part in an irradiation reactor and the 
thread located in the outermost part in an irradiation reactor also became clear [ few things ] 
compared with the comparative examples 8-11. 
[0051] 

[Example 4] The same operation as Example 3 was performed except having used the mixture 
solution which turns into intemal liquid from 52 % of the weight of N,N-dimethylacetamide, and 
48 % of the weight of water. The performance of this film is shown in Table 2. This film became 
clear [ that there is / which has very few elution volumes from a film / little adhesion of blood 
protein and blood platelets ]. There was little transmissivity of albumin, and since excelling also 
in the clearance of beta 2-microglobulin was suggested, it tumed out that it is the film excellent 
also in dialysis performance. Since there were few differences of the performance of the film in 
the central part and the peripheral part of a thread compared with an old drying method 
(comparative example 1), dispersion in performance became clear [ few things ]. The 
performance difference of the thread located in the central part in an irradiation reactor and the 
thread located in the outermost part in an irradiation reactor also became clear [ few things ] 
compared with the comparative examples 8-11. 
[0052] 

[Example 5] The same operation as Example 1 was performed except having made the degree of 
radiation angle of the microwave from a waveguide into 35 degrees. The performance of this 
film is shown in Table 3. This film became clear [ that there is / which has very few elution 
volumes from a film / little adhesion of blood protein and blood platelets ] . There was little 
transmissivity of albumin, and since excelling also in the clearance of beta 2-microglobulin was 
suggested, it tumed out that it is the film excellent also in dialysis performance. Since there were 
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few differences of the performance of the film in the central part and the peripheral part of a 
thread compared with an old drying method (comparative example 1), dispersion in performance 
became clear [ few things ]. The performance difference of the thread located in the central part 
in an irradiation reactor and the thread located in the outermost part in an irradiation reactor also 
became clear [ few things ] compared with the comparative examples 8-11. 
[0053] 

[Example 6] The same operation as Example 1 was performed except having made the degree of 
radiation angle of the microwave from a waveguide into 115 degrees. The performance of this 
film is shown in Table 3. This film became clear [ that there is / which has very few elution 
volumes from a film / little adhesion of blood protein and blood platelets ] . There was little 
transmissivity of albumin, and since excelling also in the clearance of beta 2-microglobulin was 
suggested, it tumed out that it is the film excellent also in dialysis performance. Since there were 
few differences of the performance of the film in the central part and the peripheral part of a 
thread compared with an old drying method (comparative example 1), dispersion in performance 
became clear [ few things ]. The performance difference of the thread located in the central part 
in an irradiation reactor and the thread located in the outermost part in an irradiation reactor also 
became clear [ few things ] compared with the comparative examples 8-11. 
[0054] 

[Example 7] The same operation as Example 1 was performed except the distance to the humid 
film (thread) from a waveguide having been 60**5 nam. The performance of this film is shown 
in Table 4. This film became clear [ that there is / which has very few elution volumes from a 
film / little adhesion of blood protein and blood platelets ]. There was little transmissivity of 
albumin, and since excelling also in the clearance of beta 2-microglobulin was suggested, it 
tumed out that it is the film excellent also in dialysis performance. Since there were few 
differences of the performance of the film in the central part and the peripheral part of a thread 
compared with an old drying method (comparative example 1), dispersion in performance 
became clear [ few things ]. The performance difference of the thread located in the central part 
in an irradiation reactor and the thread located in the outermost part in an irradiation reactor also 
became clear [ few things ] compared with the comparative examples 8-11. 
[0055] 

[Example 8] The same operation as Example 1 was performed except the distance to the humid 
film (thread) from a waveguide having been 480**5 mm. The performance of this film is shown 
in Table 4. This film became clear [ that there is / which has very few elution volumes from a 
film / little adhesion of blood protein and blood platelets ]. There was little transmissivity of 
albumin, and since excelling also in the clearance of beta 2-microglobulin was suggested, it 
turned out that it is the film excellent also in dialysis performance. Since there were few 
differences of the performance of the film in the central part and the peripheral part of a thread 
compared with an old drying method (comparative example 1), dispersion in performance 
became clear [ few things ]. The performance difference of the thread located in the central part 
in an irradiation reactor and the thread located in the outermost part in an irradiation reactor also 
became clear [ few things ] compared with the comparative examples 8-11. 
[0056] 

[Comparative example 1] The thread after residual solvent removal (in water content, the water 
content of the film of the thread central part 300% 300%) The difference of the water content of 
a film [ in / in the water content of the film of a thread peripheral part / the central part and the 
peripheral part of 300% and a thread ] 90 0% by arrangement of the same thread in the same 
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irradiation reactor as Example 1. Except that air blasting desiccation (10 m/second wind speed) 
only of the desiccation was carried out at the temperature of 87 for 7 hours and water content 
obtained less than 1% of thread, the same operation as Example 1 was performed. This result is 
shown in Table 5. In the amount of water penetration, and the transmissivity of PVP, the 
performance of the film in the central part and the peripheral part of a thread has a difference, 
and it became clear that there is dispersion in performance within a thread as a result. 
[0057] 

[Comparative example 2] The same operation as Example 1 was performed except not carrying 
out gamma irradiation. This result is shown in Table 6. It became clear that the absorbance of 
elution test liquid exceeds 0.04 for elution of PVP. The quality assessment performed only the 
peripheral part of the thread located in the central part in an irradiation reactor. 
[0058] 

[Comparative example 3] The same operation as Example 1 was performed except having 
carried out the polyvinyl pyrrolidone in a film production undiluted solution, and having made 
N,N-dimethylacetamide into 77.0 % of the weight 5.0% of the weight. The mixture ratio of the 
polyvinyl pyrrolidone to the polysulfone in the film production undiluted solution at this time 
was 27.8 % of the weight. The performance of this film is shown in Table 6. Since the mixture 
ratio of the polyvinyl pyrrolidone to the polysulfone in a film production undiluted solution is 
over 27 % of the weight, an elution volume and film internal- surface PVP concentration are 
increasing. The quality assessment performed only the peripheral part of the thread located in the 
central part in an irradiation reactor. 
[0059] 

[Comparative example 4] The same operation as Example 1 was performed except having 
carried out the polyvinyl pyrrolidone in a film production undiluted solution, and having made 
N,N-dimethylacetamide into 78.4 % of the weight 3.6% of the weight. The mixture ratio of the 
polyvinyl pyrrolidone to the polysulfone in the film production undiluted solution at this time 
was 20.0 % of the weight. The performance of this film is shown in Table 6. It became clear that 
the amount of PVP of a film internal surface is less than 30%. The quality assessment performed 
only the peripheral part of the thread located in the central part in an irradiation reactor. 
[0060] 

[Comparative example 5] The same operation as Example 3 was performed except having used 
the mixture solution which turns into internal liquid from 60 % of the weight of N,N- 
dimethylacetamide, and 40 % of the weight of water. The performance of this film is shown in 
Table 6. The transmissivity of albumin of this film is over 0.3%. 
The transmissivity of PVP was also the performance exceeding 75%. 

The quality assessment performed only the peripheral part of the thread located in the central 

part in an irradiation reactor. 

[0061] 

[Comparative example 6] The same operation as Example 1 was performed except having used 
the mixture solution which turns into internal liquid from 10 % of the weight of N,N- 
dimethylacetamide, and 90 % of the weight of water. The performance of this film is shown in 
Table 6. The amount of water penetration of pure water was the performance which is less than 
10mL/(m^ and hr-mmHg). The quality assessment performed only the peripheral part of the 
thread located in the central part in an irradiation reactor. 
[0062] 

[Comparative example 7] The same operation as Example 1 was performed except drying 
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temperature having been 170 **. The performance of this film is shown in Table 6. It was [ film / 
this ] insoluble to water in all the PVP in a film. When this film was used as the module of 
effective filtration area ^ of 1.5 m and clinical blood evaluation was carried out in accordance 
with the quality assessment standard of Japanese artificial organ academic circles under the 
conditions for blood flow rate 500mL/(film outside- surface side), leuco pennia condition that a 
dialysis patient's white blood cell count fell temporarily was observed. The quality assessment 
performed only the peripheral part of the thread located in the central part in an irradiation 
reactor. 
[0063] 

[Comparative example 8] The same operation as Example 1 was performed except having made 
into 20 degrees the degree of radiation angle of the microwave irradiated from a waveguide. The 
perfomiance of this film is shown in Table 7. There is performance difference in the thread 
located in the central part in an irradiation reactor, and the thread located in the outermost part in 
an irradiation reactor, and it became clear that dispersion is between threads as a result. 
[0064] 

[Comparative example 9] The same operation as Example 1 was performed except having made 
into 130 degrees the degree of radiation angle of the microwave irradiated from a waveguide. 
The performance of this film is shown in Table 7. There is performance difference in the thread 
located in the central part in an irradiation reactor, and the thread located in the outermost part in 
an irradiation reactor, and it became clear that dispersion is between threads as a result. 
[0065] 

[Comparative example 10] The same operation as Example 1 was performed except the distance 
to the humid film (thread) from a waveguide having been 30**5 mm. Only the thread upper part 
dried and the bottom had not been dried. 
[0066] 

[Comparative example 11] The same operation as Example 1 was performed except the distance 
to the humid film (thread) from a waveguide having been 520**5 mm. The whole thread had not 
been dried. 
[0067] 
[Table 1] 
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(LDH-Unit/m^) 


15.S 


15.5 


15.5 


15.5 


15.5 


15.5 


15.5 


15.5 




Z.1 


2.1 


2.1 


2.1 


2.1 


2.1 


2.1 


2.1 


hr-mmHg')) 


190 


190 


190 


190 


190 


190 


190 


190 


is]®^ (%) 


9.32 


0.32 




0.32 


0.32 


0.32 


0.32 


0.33 


PVPC?3 
Migift (%) 


77 


77 


77 


77 


77 


77 


77 


77 
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[Table 4] 



18 



































190 


192 


191 


190 


192 


192 


191 


190 




280 


281 


280 


279 


279 


280 


281 


282 


hr'^mniHg)) 


20 


20 


22 


22 


20 


20 


18 


18 


T}V^% V(K> 
<%) 


0.01 


0.01 


0.01 


0.01 


0.01 


0.01 


0.01 


0.01 


FVP ^> 

Wk^ <%) 


4 


4 


6 


6 


4 


4 


4 


4 




35 


35 


35 


35 


35 


35 


36 


36 






















0.022 


0.022 


0.022 


0.022 


0.022 


0.022 


0.022 


0.022 






SHU 


«L 


«L 


ML 


ML 


f&L 


S&L 


(LDH-Umt/m*) 


16.5 


1B.5 


16.5 


15.6 


16.5 


16.6 


15.6 


15.6 




2.1 


2.1 


2.1 


2.1 


2.1 


2.1 


2.1 


2.1 


liF-iiimH^» 


190 


190 


190 


190 


190 


190 


190 


190 


(%) 




0.32 


0.32 


0.32 


0.32 


0.32 


0.32 


0.32 


PVP«© 

sa^ (%) 


77 


77 


77 


77 


77 


77 


77 


77 
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^^"^ 


^^^^^ 




jfil^@(/im) 


195 


195 


196 


195 




286 


285 


286 


286 


a7k»(niL/(m2- 


28 


20 


28 


20 




0.01 


0.01 


0.01 


0.01 


¥VP<D 


8 


4 


8 


4 




35 


35 


35 


35 














0.022 


0.022 


0.022 


0.022 




»L 




*U 




CLDH-Unit/m^) 


15.5 


15.5 


15.5 


15.5 




2.1 


2.1 


2.1 


2.1 


hr * iiiiiil'l^})' 


190 


190 


190 


190 


mm^ (%) 


0.32 


0.32 


0.32 


0.32 


PVPc^ 

mM^ (%) 


77 


77 


77 


77 
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191 


201 


200 


195 


200 


191 




280 


295 


290 


295 


290 


281 


hr-mmHg)) 


20 


35 


15 


960 


8 


15 


{%) 


0.01 


0.01 


0.01 


0.37 


0.01 


0.01 


PVP (D 
MM^ (%) 


4 


5 


4 


79 


0 


4 




36 


46 


28 


33 


34 


36 






*0 


*») 




*o 






0.046 


0.038 


0.016 


0i>20 


0.020 


0.022 




iiu 


ML 




*IL 




aiL 


(LDH-Umt/m^) 


15,6 


3*8 


lae 


16.4 


16.1 


16.6 




2.1 


2.1 


e.o 


2.8 


2.1 


3.0 


hr-ramHg)) 


190 


310 


130 


8500 


76 


ISO 


mi&m (%) 


0.32 


0.38 


0.32 


0.60 


0.17 


0^2 


3ffii* (%) 


77 


85 


76 


100 


62 


76 
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[Table 7] 
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ido 


191 


192 


190 


190 


192 


190 


190 




280 


281 


281 


280 


280 


280 


279 


282 


lir-nmiHg)) 


14 


14 


2S 


23 


22 


22 


14 


14 




0,01 


0,01 


0,01 


0.01 


0,01 


0.01 


0,01 


0,01 


PVP © 


3 


s 


6 


6 


6 


6 


3 


2 




36 


35 




36 


35 


35 


35 


85 


PVP©^^ 


M U 


















0.022 


0.022 


0.022 


0.022 


0.022 


0.022 


0.022 


0.022 






ML 




ML 


mL 


Mb 


ML 


ML 


(LDH-Unitte^) 


15,5 


15.5 


15.5 


15.5 


15.5 


15,5 


1S.5 


15,5 




2,1 


2,1 


2.1 


2,1 


2.1 


2,1 


2.1 


2.1 


j|l7fcl:<niL/i[in^ ^ 


190 


190 


190 


190 


190 


190 


190 


190 


(%) 




0.32 


0.32 


0.32 


0.32 


0.32 


0.32 


0,32 


(%) 


77 


77 


77 


77 


77 


77 


77 


77 



[0074] 

[Effect of the Invention] When drying simultaneously two or more bundles of humid films 
****(ed) in the shape of a thread according to the manufacturing method of the hollow fiber of 
this invention, while dispersion in the performance in a thread is cancelable, dispersion in the 
performance between threads can also be canceled. Since the film manufactured by this 
invention has the outstanding dialysis performance with little adhesion of blood protein and 
blood platelets which has very few elution volumes from a film, it can be used for a medicine 
use, a medical-application way, and a general industrial use way. 



CLAIMS 



[Claim(s)] 

[Claim 1] A manufacturing method of a hollow fiber, wherein it is a manufacturing method of a 
hollow fiber which carries out microwave irradiation of the humid film ****(ed) in the shape of 
a thread, and is dried simultaneously two or more bundles, and the degree of radiation angle of 
microwave irradiated from a waveguide is 30 to 120 degrees and distance from a waveguide to a 
humid film is 50-500 mm. 

[Claim 2] It is a manufacturing method of a hollow filament-like blood purification film which 
carries out microwave irradiation of the humid film which does not contain a pit hold-baclc agent 
****(ed) in the shape of a thread, and is dried simultaneously two or more bundles, A 
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manufacturing method of a hollow filament-like blood purification film, wherein the degree of 
radiation angle of microwave irradiated from a waveguide is 30 to 120 degrees and distance from 
a waveguide to a humid film is 50-500 mm. 

[Claim 3] It is a manufacturing method of a hollow filament-like blood purification film which 
stoving of the humid film which does not contain a pit hold-back agent *^5^^s=^s^(ed) in the shape of 
a thread is carried out at not less than 40 the temperature of 120 or less, and carries out 
microwave irradiation and is dried simultaneously two or more bundles, A manufacturing 
method of a hollow filament-like blood purification film, wherein the degree of radiation angle 
of microwave irradiated from a waveguide is 30 to 120 degrees and distance from a waveguide 
to a humid film is 50-500 mm. 

[Claim 4] The manufacturing method according to any one of claims 1 to 3 using two or more 
waveguides. 

[Claim 5] The manufacturing method according to any one of claims 1 to 4 ventilating a 
dehumidification gas in a thread. 

[Claim 6] The manufacturing method according to any one of claims 1 to 5, wherein a difference 
of water content of a film in the central part and a peripheral part of a thread at the time of a dry 
start is less than 10%. 

[Claim 7] The manufacturing method according to any one of claims 1 to 6 reducing an 
irradiation output of microwave when average water content of a thread after a dry start will be 
20 to 70%. 

[Claim 8] The manufacturing method according to any one of claims 1 to 7, wherein a difference 
of water content of a film in the central part and a peripheral part of this thread in a time of 

average water content of a thread after a dry start being 20 to 70% is less than 5%. 
[Claim 9]The manufacturing method according to any one of claims 1 to 8, wherein a film 
consists of polysulfone system polymer and a polyvinyl pyrrolidone. 

[Claim 10] The manufacturing method according to any one of claims 1 to 9 characterized by a 
ratio of a polyvinyl pyrrolidone to polysulfone system polymer being 18 to 27 % of the weight 
by a film production undiluted solution consisting of polysulfone system polymer, a polyvinyl 
pyrrolidone, and a solvent. 

[Claim ll]The manufacturing method according to any one of claims 1 to 10 insolubilizing a 
part of polyvinyl pyrrolidone in a film in water further after desiccation. 



23 



